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Abstract
Background—Abnormalities of colonic motility were reported in relatively small studies of
patients with lower functional gastrointestinal disorders (FGID) including irritable bowel
syndrome (IBS). The influence of gender and body mass on the observed motor pathophysiology
is unclear.

Aim—To compare colonic transit in patients with different lower FGID subgroups and healthy
controls, controlling for gender and BMI, and to determine whether BMI independently influences
colonic motility.

Methods—We evaluated a scintigraphic gastrointestinal and colonic transit database of 287
lower FGID patients associated with constipation (IBS-C, or functional constipation, n=118),
diarrhea (IBS-D or functional diarrhea, n=139) or mixed bowel function (IBS-M, n=30) and 170
healthy controls. We measured colon filling at 6 hours (CF 6h), and overall colonic transit at 8, 24,
and 48 hours.

Results—CF at 6h did not differentiate health from FGID. Colonic transit was abnormal at 24
hours (GC24 of <1.50 or >3.86) in 29.7% of all lower FGID patients. There was a significant
overall association between colonic transit and subject group (healthy controls and FGID
subgroups) at 8 (P=0.01), 24 (P<0.001) and 48 hours (P<0.001) in particular for those with
diarrhea or constipation at 24 and 48 hours (P <0.05), even after adjusting for age, gender, and
BMI. In addition, BMI was associated with colonic transit after adjusting for age, gender and
subject group.

Conclusions—Abnormal transit is documented noninvasively with scintigraphy in 30% of
lower FGID patients; transit measurement may help document pathophysiology and inform
selection of therapy in lower FGID.
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INTRODUCTION
Lower functional gastrointestinal disorders (FGID), including irritable bowel syndrome
(IBS), are commonly encountered in the community (prevalence 5% –25%) and account for
36% of all visits to gastroenterologists (1). Annually, there are 2.2 million drug prescriptions
to treat IBS in the USA (2). Aggregate health care costs are 49% higher in IBS patients than
in population controls [non-gastrointestinal patients (3)].

Understanding the pathophysiological mechanisms underlying these conditions may provide
the basis for selection of more specific therapy. Altered bowel motility (4) as a
pathophysiological mechanism in patients with IBS has been de-emphasized in the last
decade, and there has been increased focus on hypersensitivity to explain gastrointestinal
(GI) symptoms (5). Studies of the role of abnormal GI motor functions have involved
relatively small numbers of IBS patients or used invasive (intubated small bowel or colonic)
approaches that are not necessarily generalizable, since they may induce artifact as a result
of stress or discomfort, and have been recorded in a very small number of patients.

The relationship between colonic motor dysfunction and predominant bowel function in IBS
has been assessed in a few studies, chiefly measuring transit by radiopaque markers (6,7).
However, this method to measure transit is best validated and sensitive for identifying slow
colonic transit. In fact, there is evidence that it is less accurate than scintigraphy to detect
accelerated colonic transit (8), and we have previously documented accelerated proximal
and overall colonic emptying in detailed measurements of colonic transit in patients with
IBS-D (9). Thus, we considered that the more refined, validated methods using scintigraphy
and larger numbers of patients with IBS were needed to define the association between GI
motor patterns and symptoms.

A confounding factor in assessing the role of motor dysfunction in IBS or lower FGID is the
impact of obesity. According to recent U.S. national surveys, 19.5% of adult men and 25%
of adult women are obese [body mass index (BMI) >30 kg/m2 (10)]. Population-based
studies suggest there is gastrointestinal dysfunction, as well as increased frequency of
abdominal pain and diarrhea in overweight and obese subjects (11-13). The potential role of
obesity in IBS remains largely unexplored. An initial step is to assess whether the effect of
IBS sub-phenotype on colonic transit is independent of the effect of BMI and to determine
whether there is a statistically independent effect of BMI on colonic transit.

The validated noninvasive scintigraphic method that has been available for two decades
provides a simple, yet comprehensive noninvasive approach by which transit of solid
material through the entire, unprepared GI tract can be measured (14-16). In the research
laboratory, we have established a data base consisting of patients and healthy volunteers
who participated in research studies of gastrointestinal and colonic transit and were
randomized to placebo treatment. The first aim of our study was to compare colonic transit
between patients with subtypes of lower FGID based on predominant bowel function and
healthy controls. The second aim was to assess whether there is an independent association
of BMI with abnormal colonic transit in the same participants.

METHODS
Subjects

This study assessed 287 patients with IBS [Rome II positive, 30 IBS-mixed or alternating
(IBS-M), 118 constipation-predominant IBS (IBS-C) or functional constipation (FC), 139
diarrhea-predominant IBS (IBS-D) or functional diarrhea (FD)] and 170 healthy volunteers.
All participants were residing within 200 miles of Mayo Clinic, Rochester, MN. They had
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been recruited for previous original studies (see Appendix for references) by means of letters
or public advertisements from 2000 to 2008 and had signed informed consent for the
respective studies.

The inclusion criteria and characteristics of patients with each subtype of IBS appear in the
original studies; all patients fulfilled Rome II criteria for diagnosis of IBS and its subtypes,
FD or FC. For simplicity, these will be summarized as IBS-C/FC (mainly constipation),
IBS-D/FD (mainly diarrhea), and IBS-M (alternating bowel habit). The healthy participants
had less than 4 positive (only mild for severity or sometimes for frequency being
permissible) out of 19 gastrointestinal symptoms on a screening questionnaire. During the
transit studies, participants were allowed to continue low, stable doses of thyroid
replacement, estrogen replacement, low-dose aspirin (81 mg per day), birth control pills or
depot estrogen injection, and SSRI antidepressants, but not tricyclic agents.

Exclusion criteria included organic diseases that might explain the patients’ symptoms, use
of any medication for IBS or bowel dysfunction (within 7 days before the study and
throughout the course of study), and any structural or metabolic diseases that affect the
gastrointestinal system including diabetes. Patients who had participated in another clinical
study within the prior 30 days were ineligible.

All individual studies had been conducted with Mayo Clinic Institutional Review Board
approval. Use of the data base from which this analysis was conducted was also reviewed
and approved by Mayo Clinic Institutional Review Board, and all participants had
authorized use of their medical records for research studies.

Orocecal and Colonic Transit Measurements
Orocecal transit was assessed by the colonic filling of 99mTc egg meal ingested at time 0
hours. To evaluate colonic transit (8,14,15), 111In adsorbed on activated charcoal particles
was delivered to the colon by a methacrylate-coated, delayed-release capsule (15). All
participants ingested the capsule containing 111In charcoal at 6:00 a.m. after an overnight
fast (last meal prior to 9:00 p.m. on the previous day). When the capsule had been
demonstrated to have emptied from the stomach (with images obtained every 30 minutes
while the patient remained fasting), all participants received a standard breakfast (218 kcal
egg meal) at time 0 and two standardized meals at 4 hours (530 kcal chicken meal) and 8
hours (750 kcal steak dinner).

A variable region of interest program was used to measure transit, as in previous studies
(8,14,15). We obtained abdominal images every 30 minutes for the first 10 hours, with scans
being increased to every 15 minutes for the first 2 hours after meals. A final scan was
obtained at 48 hours. The performance characteristics of this test are summarized elsewhere
(16).

Transit Data Analysis
Colonic filling at 6 hours, or the proportion of radiolabeled meal to have reached the colon
at 6 hours, is an indirect measurement of small bowel transit time. Overall colonic transit
was summarized as the colonic geometric center (GC) at specified times. The GC is the
weighted average of counts in the colonic regions (ascending, transverse, descending,
rectosigmoid) and stool, respectively, 1 to 5. Thus, at any time, the proportion of counts in
each colonic region is multiplied by its weighting factor as follows: (% ascending * 1 + %
transverse * 2 + % descending * 3 + % rectosigmoid * 4 + % stool * 5)/100 = GC. Thus, a
higher GC reflects a faster colonic transit.
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Statistical Analysis
Data are expressed as the mean ± standard error of the mean (SEM), or as proportions (%).
The association of gender with subgroup status was assessed using χ2 analysis. The
association of age and BMI with subgroup status was assessed using the Kruskal-Wallis test.
The proportion of patients with abnormal colonic transit was calculated based on the 10th
and 90th percentiles for transit in the normal healthy volunteers studied concurrently in these
studies (GC at 24h <1.50 or GC at 48h <2.13 for slow transit and >3.86 at 24h for
accelerated transit, Figure 1a and b). We used the 10th and 90th percentiles as cutoffs for two
reasons:

First, it is generally recommended (O’Brien rule) to use the 5th and 95th percentiles as
cutoff points for a sample with 200 or more subjects. When a group has less than 200
subjects, as in the subgroups of healthy control and IBS subtypes in our study, the 5th and
95th percentiles may be more susceptible to data outliers or to skewing (as in a non-
Gaussian distribution) than the 10th and 90th percentiles. Using the 10th–90th percentiles
gives an accurate representation of the most extreme data points within each subgroup.

Second, there is a ceiling effect when we use the 5th and 95th percentiles as cutoff, because
the maximum for all GC measurements only go up to 5. This is a particular problem with the
healthy control group at GC48, as well as with the IBS-D/FD group at GC24 and GC48
since the GC of 5 is achieved by >5% of the participants in each of these groups. Given
these reasons, we have chosen to lean toward slightly more stringent cutoff values for the
normal range.

The association of colonic filling at 6 hours and overall colonic transit (GC8,GC24,GC48)
with subject subgroup [the three lower FGID subtypes (diarrhea, constipation or mixed) and
controls] was assessed using an analysis of covariance (ANCOVA). The covariates included
in the ANCOVA models were age, gender and BMI. Since BMI was associated overall with
colonic transit, additional models to examine the potential “differential” association between
colonic transit and BMI were examined by including a subgroup by BMI interaction term in
these models. In addition, the association of BMI with overall colonic transit separately in
each specific subgroup was examined (linear regression models). In all analyses, P<0.05 was
considered significant.

RESULTS
Participants

The characteristics of the subjects are shown in Table 1. Healthy controls had a significantly
lower proportion of females than the IBS-C/FC and IBS-D/FD groups (P<0.01). The
patients with IBS-M were all female. An overall association of age with subgroup was
observed (p<0.001) with the lower FGID subgroups being similar in age, but older than
healthy controls (P<0.01). An overall association of BMI with subgroup was also observed
(p<0.01) with IBS-D/FD and IBS-M patients having higher BMI values than healthy
volunteers and IBS-C/FC subjects.

Effect of Gender on Orocecal and Colonic Transit
Male gender was associated with accelerated orocecal transit compared to female gender.
Male gender was also associated with accelerated colonic transit based on GC24 and GC48,
but not on GC8, compared to female gender. These effects of gender on orocecal and
colonic transit were taken into account and adjusted for in our statistical analysis using
ANCOVA, as described above in the Method section.
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Comparison of Orocecal and Colonic Transit in Subtypes of IBS
There was no significant association of orocecal transit (CF 6h) between healthy controls
and subtypes of IBS (p=0.38, Table 2).

Overall colonic transit at 24 hours—Data on colonic transit at 24 hours (GC24) were
available in 286 lower FGID patients. GC24 was abnormal (GC24 of <1.50 or >3.86) in
29.7% (85/286) of all lower FGID patients. Delayed transit was detected in 17.8% (21/118)
of IBS-C/FC patients, 8.0% (11/138) of IBS-D/FD patients, and 6.7% (2/30) of IBS-M
patients. In contrast, accelerated transit at 24 hours was found in 4.2% (5/118) of IBS-C/FC
patients and 33.3% (46/138) of IBS-D/FD patients (Table 2).

Overall colonic transit at 48 hours—Data on colonic transit at 48 hours (GC48) were
available in 260 lower FGID patients. GC48 was delayed (GC48 of <2.13) in 13.1%
(34/260) of all lower FGID patients. Delayed transit was detected in 22.9% (27/118) of IBS-
C/FC patients, and 4.5% (5/112) of IBS-D/FD patients, and 6.7% (2/30) of IBS-M patients.

There were no patients who had accelerated GC48. It is worth noting that at 48 hours, a
large proportion of the healthy controls (11%) and the IBS-D/FD (37%) group had reached
the maximum value of GC48 of 5.0.

Among the 260 lower FGID patients with GC24 and GC48 available, 73 patients had
abnormal GC24 and, of these, 21 had abnormal GC48: 15 IBS-C/FC, 4 IBS-D/FD, and 2
IBS-M patients. Out of 187 lower FGID patients with normal GC24, 13 had abnormal
GC48: 12 IBS-C/FC and 1 IBS-D/FD patient.

IBS subgroups and colonic transit—There was a significant association of colonic
transit at 8, 24 and 48 hours with subgroup status (ANCOVA P <0.01 for GC8, P<0.001 for
GC24 and GC48, Table 2). Significant differences were found in the colonic transit of
individual lower FGID subtypes versus healthy controls, adjusted for gender and BMI: in
IBS-C/FC at 24 and 48 hours (P <0.05), and in lower IBS-D/FD at 8, 24 and 48 hours [P
<0.01 (Figure 2)]. The numerical difference suggesting faster transit at 48 hours in the IBS-
M group was not significant.

Colonic Transit and BMI
When participants were divided into three groups according to WHO criteria for BMI values
(18.5 < 25 kg/m2, 25–30 kg/m2, and >30 kg/m2), colonic transit at 8, 24, and 48 hours were
significantly accelerated in participants who weighed >30 kg/m2 (Dunnett-Hsu test with
BMI >30 as the “control”, Figure 3, adjusted for age, gender, and subject subtype).

DISCUSSION
Our study demonstrates that colonic transit is significantly different among subtypes of
lower FGID compared to healthy controls. This finding is important for clinical assessment
of patients with lower FGID, and confirms that motor dysfunction contributes to the
pathophysiology in lower FGID (17). We also show that BMI independently influences
colonic transit, regardless of the presence of subtype of lower FGID. In particular, BMI >30
kg/m2 is associated with significantly accelerated colonic transit. Scintigraphic colonic
transit measurement may identify subgroups more likely to respond to treatment directed at
dysmotility.

In this study, age was significantly associated with subject subgroup (lower FGID subtypes
and healthy controls). However, our group had previously (16) shown that colonic transit

Manabe et al. Page 5

Neurogastroenterol Motil. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



was not significantly influenced by age in the range that is relevant in the current cohort
(<65). Therefore, we do not consider it likely that group age differences influenced our
results, and in fact, although age was included in the ANCOVA models as a covariate, it was
not significantly associated with colonic transit in this large series of subjects as well.

Previously, disturbances of large bowel motility have been postulated to be an important
feature of IBS. Given that one of the key features of IBS is abnormal stool form or
frequency, it seems likely that abnormal colonic motility plays a major role in IBS.
However, proof of abnormal colonic transit has not been forthcoming in many studies
conducted in IBS. For example, in a factor analysis, factor-based scores for IBS correlated
significantly with aberrant viscerosomatic referral patterns and correlated inversely (r=
−0.207, p<0.05) with right colon transit (7). Bouchoucha et al. noted no association between
segmental colonic transit values and signs or symptoms comprising the Rome II criteria
(18). In contrast, our study shows that patients with IBS-C/FC may present with delayed
colonic transit, whereas those with IBS-D/FD often have accelerated colonic transit. This
study also suggests that measurement of colonic transit may impact patient care, identifying
optimized treatment such as the use of colonic prokinetics in patients with IBS-C/FC
associated with delayed colonic transit.

Many studies have examined the role of abnormal GI motor patterns and functions in
patients with IBS. GI and colonic transit measurements are simple to perform and may have
direct implications on the conduct of further diagnostic tests and on the choice of therapy
(19). However, the sample sizes in prior studies were small, and the majority of studies
assessed transit in patients with predominant constipation and usually with radiopaque
maker transit measurements that are not typically conducted with multiple radiographs
during the first two days after marker ingestion, which would appear necessary to identify
accelerated colonic transit. The current observations on colonic transit among subtypes of
patients with lower FGID are consistent with our previous studies using scintigraphy in
patients with IBS-D, IBS-C, or chronic constipation (9,20,21). However, these were all
smaller studies. Bouchoucha et al. (18) reported a marked difference in transit times between
IBS patients and normal subjects in a large study (134 controls and 752 patients with IBS)
using radiopaque markers, although there was no association between colonic transit and
bowel function. These observations are not consistent with our study. Possible reasons for
the discrepancy between these studies may be differences in criteria defining the study
groups. We classified patients with lower FGID into the three subtypes as defined in the
Rome II criteria, whereas Bouchoucha et al. divided patients into four subgroups based on
radiopaque marker colonic transit time. Another reason for the discrepant results is the
difference in the method to evaluate colonic transit by radiopaque markers or scintigraphy.
As mentioned above, radiopaque marker techniques, which are widely used for assessment
of delayed colonic transit by imaging 4 or 5 days after marker ingestion, would require
earlier radiographs to detect accelerated transit. Sadik et al. demonstrated that this approach
with multiple imaging times can identify accelerated transit in patients with diarrhea, but
permissible radiation exposures would have to be checked at each center (19). Furthermore,
larger non-digestible radiopaque markers may transit through the colon at a different rate
when compared with the 1–2 mm or smaller markers used in scintigraphy (22).

In our study overall colonic transit in IBS-M was not significantly different from that in
healthy controls. Until now, there have been no reports regarding colonic motility in a large
number of patients with IBS-M. In our prior study, we did identify acceleration of transit at
48 hours in IBS-M; in the current study, the GC48 in the group with IBS-M did not reach
statistical significance, though there is a numerically higher GC48 relative to healthy
controls (P=0.68). In this relatively large sample of lower FGID patients, 26.3% of 118
patients with IBS-C/FC had delayed colonic transit (at either GC24 or GC48), and 33.3% of
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138 patients with IBS-D/FD had accelerated colonic transit (at either GC24 or GC48).
Transit measurements may be applicable in patients who report significant alteration of
bowel function (IBS-M), as they may verify the reported symptoms and provide further
assessment of the severity of the physiological abnormalities. Sadik et al. (19) reported 34%
of 70 patients with predominant constipation had delayed colonic transit; whereas 28% and
7% of 54 patients with predominant diarrhea had accelerated and delayed colonic transit,
respectively. These findings are consistent with our current study.

There was a relatively low prevalence of slow colonic transit in 16.4% (47/286) of lower
FGID patients, and no significant small bowel transit delay in our patients, reflecting in part
the large coefficient of variation in small bowel transit (23). Small intestinal motor function
has been investigated in smaller studies in the literature from 2 to 4 decades ago using
laboratory based or ambulatory methods (9,21). A larger study of 74 patients reported by
Posserud et al. in 2007 (24) revealed quantitative data that were similar to those published in
healthy controls. Hence, our findings on small bowel transit generally are consistent with the
previous studies showing no significant changes in small bowel motor function in IBS.

In this study, we observed positive correlation between overall colonic transit and BMI, with
higher BMI showing an independent and significant relationship to faster colonic transit.
Our results are also supported by previous epidemiological studies (11,25). Delgado-Aros et
al. noted a positive association between BMI and diarrhea in a random population sample
from Olmsted County, Minnesota (11). BMI >25 kg/m2 was associated with decreased
colonic compliance and pain sensation, but there was no significant association between
obesity and sensation for gas, colonic tone, and contraction after meal ingestion (26).
Although the reason why obesity is associated with acceleration of colonic transit is unclear,
we consider two potential explanations. First, a high fat and carbohydrate load can
overwhelm normal jejunal absorption, propelling the osmotic load distally and resulting in
delivery of greater content of water distally (27,28). Second, a positive correlation between
body weight and fecal excretion of bile acids has been shown (29), and increased delivery of
bile acids into the colon can lead to cholerrheic diarrhea (30). Sadik et al. showed a
significantly higher BMI in idiopathic bile acid malabsorption patients compared with
healthy subjects (31). The clinical impact of diarrhea in obesity is unknown, so further
studies are required to explore the mechanisms of accelerated transit in lower FGID.

Until now, there have been few studies regarding differences of BMI among IBS subtypes.
Recently, Simren et al. reported a large study showing that there was no significant
difference between IBS and healthy controls, but they did not show the differences of BMI
among IBS subtypes (32). Our prior study, which included 44 patients with IBS-D who had
higher BMI (33) is confirmed in our current study which includes 94 more patients with
IBS-D/FD. These findings also confirm the previous observations in the literature that
demonstrated increased number of postprandial high amplitude propagated contractions
(34,35) in IBS-D/FD, which are generally associated with propulsion or mass movements in
the colon (36).

There are some limitations to this study. First, we used the Rome II criteria (23) to sub-
classify IBS, based on patient symptoms. The Rome III criteria simplified this classification
by using only stool consistency (37). Most patients with IBS have a stool frequency within
the normal range regardless of bowel pattern (38), but stool consistency reflects intestinal
transit time (39). If we had used the Rome III criteria, we may have shown a greater
difference in gastrointestinal transit patterns among the IBS subtypes. Second, it is possible
that symptoms of some patients with IBS changed during the time period between
classification of bowel habit subtype and the testing, because previous study indicated IBS
symptoms are unstable overtime and variable in intensity (40). We do not perceive this is
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likely to be a pitfall in this study, since the time lag between classification of bowel habit
subtype and the transit testing was within 14 days. Third, we did not pursue detailed analysis
of colonic segmental transit time. A frequently reported motor abnormality in patients with
IBS is an exaggerated sigmoid colonic motility response to meal ingestion (35). It may be
helpful to evaluate the differences in colonic segmental transit time, such as ascending colon
emptying time, in greater detail to further characterize the motility patterns seen among the
subtypes of IBS. Fourth, we did not investigate weight-related behaviors as covariates in
studying the relationship between colonic transit and BMI. Levy et al. showed that a diet
lower in fat and high in fruit/fiber, as well as higher physical activity were associated with
fewer GI symptoms (41). Thus, further studies are required to explore the effect of these
weight-related behaviors on colonic transit.

Colonic transit time has been shown to correlate with stool form, as measured by the Bristol
Stool Form Scale (42). The effect of various kinds of medications that affect GI transit time
has been studied in patients with IBS and correlations between effects of medications on
total colonic transit and stool number or stool form have been shown for a number of drugs,
such as alosetron (43), tegaserod (44), or prucalopride (45,46). In addition, these
improvements in colonic transit and stool number or stool form are also correlated with
clinical end points such as improved quality of life and decreased IBS-related symptoms
(47).

The observations in this study support the hypothesis that scintigraphic colonic transit
fulfills many qualifications as a biomarker in lower FGID. There are other important
characteristics in support of this hypothesis: First, we recently reported on the stability of
colonic transit measurements in patients over a period of up to 6 years with a relatively low
coefficient of variation [around 0.2 geometric center (Deiteren et al. submitted)]; second,
responsiveness to medications that accelerate or retard transit; third, the predictive value of
such pharmacodynamic measurements of transit to clinical responsiveness in phase IIB or
III trials (47).

In conclusion, lower FGID including IBS presents as a constellation of symptoms, as well as
a definable phenotype that reflects an underlying motor pathophysiology in about 30% of
patients. Optimal management may require identification and characterization of this
pathophysiology in selecting patients for pharmacologically-directed therapy for each
subtype of lower FGID.
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APPENDIX
Publications of previously performed gastrointestinal transit studies conducted in patients
with IBS and healthy controls from which data were derived in a retrospective manner for
the current study
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Figure 1a.
Histograms showing distribution of GC24 for healthy controls and for patients with each
lower FGID subtype. The 10th and 90th percentile cut off are defined using the distribution
of the healthy control sample for GC24.

Manabe et al. Page 13

Neurogastroenterol Motil. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1b.
Histograms showing distribution of GC48 for healthy controls and for patients with each
lower FGID subtype. The 10th and 90th percentile cut off are defined using the distribution
of the healthy control sample for GC48.
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Figure 2.
Comparison of colonic GC at 8, 24 and 48 hours in healthy controls and lower FGID
patients with different types of bowel dysfunction. *P <0.05; **P <0.01
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Figure 3.
Comparison of least square means for colonic GC at 8, 24 and 48 hours among 3 groups
according to the BMI values. **P <0.01 versus BMI >30 kg/m2; P=0.018 versus BMI >30
kg/m2
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Table 1
Characteristics of 457 Participants

IBS-C/FC IBS-D/FD IBS-M Healthy controls

Number 118 139 30 170

Male :Female
(% of female)

5:113a, b
(95.8%)

24:115a
(82.7%)

0:30a, b
(100%)

52:118
(69.4%)

Age (years) 38.7 ± 1.0a 41.4 ± 1.2a 37.1 ± 2.1 33.7 ± 0.9

BMI (kg/m2)c 25.3 ± 0.4 27.4 ± 0.5 27.8 ± 0.8 25.5 ± 0.3

Age and BMI are shown by mean ± SEM. Overall association of subject group with age (p<0.001), gender(p<0.001), and BMI (p<0.01).

a
p<0.01 vs. healthy controls

b
p<0.01 vs. IBS-D/FD

c
p<0.001 for overall association of BMI with subgroup
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Table 2
Key Gastrointestinal Physiologic Data in Subjects Based on Bowel Function

Subgroup

IBS-C/FC IBS-D/FD IBS-M Healthy Controls

Colonic filling at 6 h, %
  (n=378)

52.0 ± 2.9
(n=89)

55.2 ± 3.2
(n=93)

44.1 ± 5.1
(n=29)

50.0 ± 2.4
(n=167)

Colonic GC 8 *
  (n=346)

1.3 ± 0.1
(n=79)

1.7 ± 0.1
(n=93)

1.3 ± 0.1
(n=29)

1.3 ± 0.1
(n=145)

Colonic GC 24 **
  (n=453)

2.0 ± 0.1
(n=118)

3.2 ± 0.1
(n=138)

2.3 ± 0.1
(n=30)

2.4 ± 0.1
(n=167)

Colonic GC 48 **
  (n=411)

3.0 ± 0.1
(n=118)

4.3 ± 0.1
(n=112)

3.9 ± 0.2
(n=30)

3.6 ± 0.1
(n=151)

Overall ANOVA

*
P<0.01

**
P<0.001
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